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ABSTRACT 


This thesis describes the detailed design and implemen- 
tation of a printer Server in the laboratory environment of 
sharing resources among multiple Zenith Z-100 microcom- 
puters. The Printer Server System is a controller box which 
consists of a power supply, a single board computer, and the 
BLC 8538 eight channel I/O expansion boards. Each Z-100 
microcomputer 1S connected to the controller thru the 
RS=752C port. 

The Printer Server System has three software utilities: 
BOOT, CONTROL and SEUGE. The BOOT process, resident in the 
controller, downloads the CONTROL file from any one of 
multiple Z-100's which is turned on. The CONTROL process 
allows the printer to be used by any one of multiple Z-100's 
at atime. The SPOOL process’ sends the data thru the 
CONTROL process to the printer or saves the data on the disk 
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IL. INTRODUCTION 


A. GENERAL DISCUSSION 

In a school or many companies, several personal 
computers are used on the same floor or the same room. 
Instead of having a printer with each personal computer, it 
1S economical to share a high quality printer among many 


users. More generally, it iS economical to share other high 


cost resources such as laser printers, Ethernet local area 
network controllers, high capacityedise units, among the 
personal computer users. It is the motivation to’ share 


expenSive resources that has given rise to this thesis. 

To design and implement a system which permits’ the 
sharing of a printer among twenty-three users, each user 
making use of a Zenith Z-100 personal computer, the hardware 
' system, known as the Concentrator, consists of a MULTIBUS 
based backplane with an independent power supply, an INTEL 
Hobe 86/12A single board computer, three National 
Semiconductor BLC 8538 serial I/O expansion boards, all 
enclosed in a cardcage. The Zenith Z-100 personal computers 
are connected via their teletype ports(RS232 compatible) to 
the 1/0 ports of the Concentrator. 

The software system consists of the Contrel 
Program,which is down-loaded from a Z-100 at power-up of the 
Concentrator and any Z-100 system, and which thereafter 
executes in the Concentrator permitting the shared use of 
the printer on a first-come first-serve basis. 

The remaining software is a utility program, called 
SPOOL, which operates in the CP/M environment on the Z-100 
and permits the user to store his interactive printer data 
on his disc unit, while the printer is busy printing another 
user's files. 

The Control Program in the concentrator is implemented 


in assembly language. The CP/M operating system in the 
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Z-100 is modified by modifying the Basic Input/Output System 
(BIOS ) of CP/M-85 for use for communication with the 
Concentrator. 

The SPOOL program, also written in assembly code, allows 
the users to share the high speed printer in a batch mode, 
that is, each uSer prints out the files he desires, while 
any other user who wishes to make interactive use of the 
printer at the same time can save the information in his 
disk file for later batch printing. This permits an econom- 
ical usage of a high cost resource without the inconvenience 


of long waits due to interactive use of the printer. 


B. FORMAT OF THESIS 

Chapter I gives an overview of this thesis. It also 
provides the general concepts and the construction of our 
system and explains why this thesis.has practical value. 

Chapter II explains the hardware basis of the system. 
Detailed information is given about all major hardware 
components which are used to construct the printer sharing 
system which is implemented in this thesis. 

Chapter III describes the general structure of the CP/M 
operating system. The standard CP/M-85 operating system is 
discussed in moderate detail. Also covered is the modifica- 
tion of the CP/M-85 necessary to carry out the project. 

Chapter IV explains the role and the structure of the 
Concentrator. Three utility programs, BOOT, CONTROL, and 
SPOOL, are explained in detail. 

Chapter V summarizes the advantage of this system and 
indicates a direction for future research for microcomputer 
communication and networking using the local area network, 


Ethernet. 
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IIT. HARDWARE BASIS OF THE SYSTEM 


As stated in the introduction, the most important hard- 
ware components of this system are the i1SBC 86/12A single 
board computer, the I/O expansion board, the multiple Z-100 
microcomputers and the printer. Figure 2.1 depicts’ the 
interconnection of these components as they exist at this 
time. In the paragraphs which follow, a description of each 
component and its role in the overall system, is explained. 
A detailed description of each component can be found in the 


cited references. 


A. ISBC 86/12A SINGLE BOARD COMPUTER 
1. General Description 

The iSBC 86/12A single board computer, which is a 
_ member of Intel's complete line of 8-bit and 16-bit single 
board computer products, iS a complete computer system on a 
Single printed-circuit assembly. This board includes a 
W6-bit Central Processing Unit (enue up to "52K bytes™cr 
Erasable Programmable Read Only Memory(EPROM), 64K bytes of 
Random Access Memory (RAM), a serial communications inter- 
face, three programmable parallel I/O ports, programmable 
timers, PrLOTity AntCerrupt weome oo MULTIBUS interrupt 
control logic, and bus expansion drivers for interfaces with 
other MULTIBUS interface-compatible expansion boards. The 
systems view, however, is an abstract model, as systems 
exist only in the mind of the analyst. [Ref. 4: 1.1 - 1.3]. 
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Poapiice 29] System Configuration. 


2. Memory 
The iSBC 86/12A board includes 64K bytes of read/ 


write memory composed of sixteen 2117 Dynamic RAM chips and 
an 8202 RAM controller. 

Four IC sockets are provided for user installation 
of EPROM chips, and jumpers are provided to accommodate 
either 2K, 4K, or 8K chips. The EPROM address space is 
located at the top of the l-megabyte memory space because 
the 8086 CPU branches to FFFFO after a reset. 

This single board computer is used as the controller 
in the system. The control process of the Concentrator is 
loaded into the memory of this iSBC 86/12A single board 


JE) 


computer at the time of initialization of the system. The 
control process communicates to the multiple Z-100's and the 
printer, and receives or sends data from or to the devices. 


For the detail of the memory organization, see [Ref. 4: pp 
4.2 - 4.3]. 


B. INTEL 8086 

The Intel 8086 is a high performance, general purpose 
16-bit microprocessor. The 8086 is a full 16-bit processor 
with respect to both its internal structure, and t's 
external connections. Refer to Figure 2.2 for a general 
overview of its internal structure and organization. Thars 
section is intended to give general knowledge about this 


device. A detailed description can be found in [Ref. 3]. 


1. Major Features of the 8086 

In this section, we shall discuss the major features 
of the 8086 CPU chip. The 8086 has a 20-bit-wide address 
bus, providing it with the capability of addressing a full 
megabyte of memory. However, the address registers of the 
8086 chip are only sixteen bits wide. This is equivalent to 
only sixty four kilobytes. This processor uses’ a method 
called segmentation to allow smooth access to the whole 
megabyte of address space. The twenty bit physical address 
is formed, by adding a sixteen bit offset to a twenty bit 
address whose most significant sixteen bits come from a 


sixteen bit segment register. 


2. Registers 
The 8086 contains fourteen 16-bit registers. Some 


of these belong to the EU(Execution Unit) and others belong 
to the BIU(Bus Interface Unit). The EU registers tend to be 


general-purpose registers, whereas the BIU registers tend to 


be used for addressing. There are eight 16-bit general 
purpose registers. Four of these are byte or word addres- 
sable and are referred to as the ‘data _ group’. The 


remaining four are only word addressable and are referred to 
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Figure 2.2 Functional Structure of 8086. 


as the pointer and index register, SP, BP, SI, and DI, which 
cannot be further subdivided. 
SP is the stack pointer, BP is the base pointer and 


SI and DI are named the source and destination index 


register, respectively. 
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The flags register is sixteen bits wide and consists 

of nine usable status bits for the processor. These include 

zero flag(ZF), direction flag(DF), interrupt flag(IF), 
overflow £lag(OF), and trap flacCiien 

The BIU has the remaining registers : four segment 

register, CS, DS, SS, and ES. These stand for the code, 

data, stack, and extra segment register reSpectively, and 


one instruction pointer(IP). 


C. COMMUNICATION EXPANSION BOARD 

This expansion board iS used to connect the multiple 
Z-100 computers and the printer to the single board computer 
of the Concentrator. We can connect from fifteen to twenty 
three Z-100 microcomputers with two or three BLC 8538 eight 
channel communication expansion boards. The BLC 8538 eight 
channel communication expansion board provides ful iy 
programmable synchronous of asynchronous’ serial communica- 
tion channels with RS232C interfaces to expand system serial 
communications capability. Each individual channel provides 
two interrupt requests with distinct priorities. The BLC 
8538 is compatible with all National Semiconductor Serial 80 
cardcages, back planes and microcomputer system _ bus 
structures. 

The universal synchronous and asynchronous’ receiver/ 
transmitter(USART) control logic block gates the data on the 
data bus to the appropriate USART reset pins. Writing to 
the USART reset logic register resets each USART displaying 
a logic one on its corresponding data line. Two 74LS08 and 
gate devices gate the data bus to the appropriate USART 
reset pins. Data lines zero thru seven(DAO-DA7) are 
logically ANDed with the reset I/O line. Writing to the 
reset register causes each set data bit in the USART control 


logic to reset its corresponding USART. 
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A USART reset causes the following 
a) Resets status bits to zero, 
b) Disables the transmitter and receivers, 
c) Clears any interrupt requests, 
d) Clears the mode, status and command registers. 

tte USARIT Ss function 1s to transmit eight (or less) bits 
of data on one signal wire in a serial fashion to another 
USART. The other USART assembles the serial bit pattern 
into an eight bit value transferrable to the data lines of a 
data bus of a computer. Each USART uses four address loca- 
tions : one as a data register, one as a control register, 
one as mode selection register, and one as aé_e status 
register. The 2651 has nine 8-bit registers that can be 
written to and/or read from by the system CPU through the 
data bus D/7-D0O. The nine 8-bit registers are mode register 
1, mode register 2, command register, Status register, 
_ SYN1/SYN2/DLE registers, and transmit/receive data holding 
registers. 

The 2651 USARTs must’ be programmed by the system CPU 
before transmitting or receiving data. Programming the USART 
@ensists of four steps. Pitot. the user Should reset the 
USART. Second, the user writes to the Mode Register l. On 
the third step, the user writes to the Mode Register 2. 
Penal ly , the user writes to the Command Register. 


The registers are described in detail below. 


1. Mode Register 1 
This register sets the mode(synchronous or asynchro- 


nous), parity use and type, character length, and other 
parameters. The register format is shown in Figure 2.3. In 


our program, the programming code will be 01001110B(4EH). 
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2. Mode Register 2 
This register sets the baud rate and the external/ 


internal characteristic of the transmitter and receiver 
elioeks: The register format is shown in Figure 2.4. The 
programming code will be 00111110B(3EH). 


Syme. sync: parity parity character length mode and baud 


te factor* 
type conte): 00=5 bits rate factor 


nouwot transp- O=odd Q= QO1=6 bits OO=sync 1x rate 
syn arency l=even disabled l0=7 bits Ol=async 1x rate 
chars Contne 1= tio" ts loO=async 16x rate 


d 1ll= c 64x rate 
O=double O=normal enable asyn 


syn 
l=single l=trans- 
Syn parent 


async:stop bit *baud rate factor in asynchronous mode 
length applies only if external clock is se- 

O0O0=invalid lected. Pactor is 16x if internal cl- 

QOl=1 stop bit ock is selected. 

10=1% stop bits 

ll=2 stop bits 





Figure 2.3 Mode Register 1 Format. 


3. Command Register 
This register controls the DTR (Data Terminal Ready) 


and RTS (Request to Send Data) outputs, operating mode, 
transmit control enable and receive control enable. The 
register format is shown in Figure 2.5. The command 
register can be written to, but not read from. The 


programming code will be 00000111B(07H). 


18 


eye transmi- receiver 
tter elock 
clock OOG@O=50 baud O001=—7S.beud 


baud rate selection 


GOOLO=[l0O Baud seOll=134e65 baud 
= = _ 0101=300 baud 
e ; ¥ , 9+ 98=838 Baus RTP LETS 80 Beta 
external external j999=1800 baud 1001=2000 baud 
l= l= 1010=2400 baud 1011=3600 baud 


- : 1ilA@e42200 baud 1101=7200 baud 
internal internal 174929690 baud 1111=19200 baud 





Figure 2.4 Mode Register 2 Format. 


4. Status Register 
The status register indicates the state of the TxRDY 
(Transmitter Ready Interrupt) and RxRDY (Receiver Ready 
Interrupt) outputs and the DCD (Data Carrier) and DSR (Data 


Set Ready) inputs. The register format is shown in Figure 
Zo . The status register can be read from, but not written 
EO, If the Transmitter is ready, the code will be 


OOOOOOO1B(01H). If the Receiver is ready, the code will be 
00000010B(02H). 


5. SYN1/SYN2/DLE Registers 
If synchronous operation is chosen, these three 


registers must be loaded to provide characters for synchron- 
ization, idle, fill, and data transparency. The use of these 
characters is governed by the mode into which the USART 1s 
programmed. For example, bits 6 and 7 of Mode Register l 
control the number of SYN characters used and the transpar- 
ency mode. These registers are not used in this 


appelecation. 


Ike, 


6. Transmit/Receive Data Holding Registers 
These two registers share the same address. When 


Erano mittee nee the system CPU writes a data word to the 
Transmit Data Holding Register so that it can be serialized 
and transmitted. When receiving, the system CPU reads from 
the Receive Data Holding Register to receive the data word 
that has been received and deserialized. The detail of 
USART can be found in [Ref. 10: pp. 3.7 - 3.16]. 


Operating mode ereques=® Brecscr async: receive transmit 
EOUSencd ewe brer faves GConcerel terminal contues 
1 break (RXEN) ready 
norma = 
operation O=forces Q=normal0=normal O= O=force 0= 


async :auto RTS l=reset l=force disable pp duicaie 


Ghujolbke 

SKINS MSIL high lag) in el output j= 

sync:syn and/, _ Poreee sean yea DLE enable high enable 

or DLE strip-" pac register 1=force 

ping mode O=normal 

local loop output l=send ee ie 

back low DLE oa aa 
= remote loop ad 

back 





Figure 2.5 Command Register Format. 
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data set data FE/SYN overrun PE/DLE a OEM 7 RXRDY 
ready carrier detect detect DSCHG 


detect async: async: = OER, O=Tx_. 
O=DSR O=DCD Boome 1s OH = G=nermal holding holding 


= =change 
input inp = . normal ace an DSR” ae a busy 
high high framing l= ipa ty Jor web, 7 — See 
1=DSR 1=DCD Seigiane overrun error or Tx hoetding reg is g 
input ImpUE. Syne > error Syne Sort reg has empty 
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char ‘ 
detected errsLe 


char 
received 





Figure 2.6 Status Register Format. 
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LILI. SYSTEM SOFTWARE 


An operating system 1S any program or’ group of related 
programs whose purpose iS to act as an intermediary between 
the hardware and the user of a computer. In the case of a 
small microcomputer application, the operating system may 
consist of little more than a set of service routines and a 
Simple set of commands that allows the user to load or dump 
memory to or from an external storage device, to modify 
bytes, and to test application programs. 

A more sophisticated operating system may have a disk- 
controller interface and some form of memory management. The 
highest level of operating system includes such features as 
multiprogramming, bank-selected memory, a hard-disk 
controller interface, and random track-sector allocation. 
' CP/M (Control, Program for Microcomputers) is stypical octea 
class of operating systems for the microcomputers currently 
in widespread uSe. 

This chapter describes the structure of CP/M-85 oper- 
ating system for the Z- L100 microcomputers and some 


modifications to it. 


A. CP/M-85 OPERATING SYSTEM 


l. General Discussion 

CP/M-85 operating system for the Z-100 microcomputer 
is divided into two software components: the "system kernel” 
and the "BIOS files". 

The system kernel is a set of programs that reside 
on the reserved system tracks of a_ disk. Special data 
transfer utilities (usually SYSGEN and/or MVCPM207) are used 
to copy the system kernel from one disk to another. The 


system kernel manages files, translates the commands you 


Ze. 


enter at the keyboard, and performs other functions that do 
not depend upon specific hardware characteristics. 

CP Moose BIOSeconsistiseof twoefiles,. BIOS85.SYS and 
BLOSeGMSYS, which xresade on the file tracks of. the disk. 
The portion of the BIOS stored in the file BIOS85.SYS uses 
the 8085 processor of the Z-100. The portion stored in 
BIOS88.SYS uses the 8088 processor of the 2Z-100. Ror 
further information on the CP/M-85, refer to [Ref. 7: pp 
ino - 10]. 


Ze oeLuceure 
CP/M is logically divided into four parts, called 
the Basic I/O System (BIOS), the Basic Disk Operating System 
(BDOS), the Console Command Processor (CCP), and the 
Transient Program Area (TPA). The memory organization of 
the CP/M system is in the Figure 3.1. 


a. Basic Disk Operating System (BDOS) 


The BDOS is responsible for all management 
functions including disk-file management, I/O high-level 
management, and all other function calls available to the 
user. The BDOS makes calls to the BIOS, which interfaces 


With the actual hardware environment of the microcomputer. 
For the detail of the BDOS functions,see [Ref. 12: p. 140]. 
aoe {[Ref. 8: pp. 124 - 125]. 

Our SPOOL program will use some of the  BDOS 
functions:List Output, Make File, Write File, Close File, 
and so on. The List Output function is activated by pressing 
Control-P key, which copies everything that appears on the 
screen to the printer. 

Access to a file on the disk is done through an 
File Control Block (FCB). An FCB is supplied for each file 
the user wishes to access. The detailed description of FCB 
PoenoOundeimepRet. 8: pp. 93 - 94). 
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b. Basic I/O System (BIOS) 

The BIOS is a hardware-dependent module that 
defines the exact low level interface with a particular 
computer system that is necessary for peripheral device I/O. 
The BIOS is a collection of uSser-written subroutines for 
primitive character I/O and disk access. Disk functions 
include: set DMA address, set track and sector, read sector, 
write sector and so on. A Series of jump vectors is located 
at the head of the BIOS and points to all internal subrou- 
tines. The BDOS locates subroutines in the BIOS by calling 
the subroutines at the known location in the jump vector 


ared. 


c. Console Command Processor (CCP) 

When CP/M becomes active, it gives control to 
the CCP, which, is actually an application program loaded at 
the top of the TPA. When first entered, the CCP displays a 
' prompt character, ‘A>'. This indicates which disk drive is 
currently logged in for uSe. To change drives, the user 
Simply enters the drive name and a colon (for example, B:). 
This causes the CCP to request the BDOS function call 
"select disk," with register E containing a number repre- 
senting the requested drive (A=1, B=2, and so forth). There 
are five built-in commands: TYPE, DIR, REN, ERA, and SAVE. A 
number of transient commands are also _ provided: SYSGEN, 
PIP, ED, ASM, DUMP, LOAD, STAT,  MOVGrRM, ~scubial, and vee 
These commands are actually .COM files or memory image 
files. For the detail of the CCP operation, see [Ref. 12: 
pp. 148 - 149}. 
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ad. @ransient Program: Area (TPA) 

The TPA iS an area of memory (i.e., the portion 
that is not used by the FDOS and CCP) where various nonresi- 
dent operating system commands and user programs are 
executed. . The lower portion of memory is reserved for 
system information. For the detail about the memory organi- 


zation, see [Ref. 8: pp 89 - 90 ]}. 


FDOS (BIOS + BDOS) 


System Parameters 


Figure 3.1 Memory Organization of CP/M. 
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B. MODIFICATION TO CP/M-85 BIOS 

Since the SPOOL utility program uses the List Output 
function as described in the previous section, we should 
intercept some point of the List Output function routine in 
BEGSe The BIOS85.SYS file could be modified by using the 
DDT debugging utility. 

The BIOS entry point of List Output function is located 
at F93DH. This is shown in the Figure 3.2 a. We patch this 
point so that the List Output function pass through a 
certain intercept program in the TPA area to the BIOS. It's 
necessary to place the intercept routine at an area of the 
TPA that is near to the BIOS. Since the BIOS’ starts from 
DIOOH, we place the interrupt program at D80OH. The inter- 
rupt program 1S contained in the SPOOL utility program. When 
the user activates the SPOOL program, the intercept routine 
is also loaded at D8OOH. | 

The List Output function is activated by pressing the 
Control-P key. When the user press the Control-P key, every- 
thing on the screen is catched and loaded into E register 
and then sent to the printer. The intercept routine is 
intended to intercept the character in E register and 
provide the SPOOL utility program with that character. The 


detail of this mechanism is discussed in the next chapter. 
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F93D MVI A,05 
F93F JMP F99C 


F942 MVI A,06 


(a) Original Entry Point of BIOS 


F93D JMP D800 
F940 NOP 
F941 NOP 


F942 MVI A,06 


(b) Modified Entry Point of BIOS 





Figure 3.2 Emery Poant of =list “OUtput Funerrorr. 
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IV. IMPLEMENTATION OF THE SYSTEM 


eines chapter describes the structure Or the 
Concentrator, the connection between the Concentrator and 
Z-100's, and the logic designs of three processes. In the 


last section of the chapter, we address the integrated oper- 


ation of the processes. 


A. STRUCTURE OF THE CONCENTRATOR 

The structure of the Concentrator is shown in Figure 
4.1. The Concentrator consists of one iSBC 86/12A single 
board computer and three BLC 8538 eight channel I/O expan- 
Sion boards. They are connected to the MULTIBUS so that the 
Single board computer could access any channel of the three 
expansion boards. Since each expansion board has’ eight 
channels, the Concentrator can have twenty four channels. 


Each channel of the expansion board could be connected to 


one peripheral device. Therefore, the Concentrator can 
control twenty four peripheral devices. In our design, the 
printer iS connected to the Channel zero, and _ the other 


twenty three channels are connected to the TTY ports of 
Z-100's. Each channel is associated with a Universal 
Synchronous Asynchronous Receiver Transmitter(USART), which 
contains four registers: Data, Status, Mode 1, Mode 2, and 
Command registers. The details about programming the USART 
are in the Chapter 2. For more information about the address 


assignment of the registers, see [Ref. 10: pp. 3.3 - 3.11]. 


28 
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Z—1010 


Figure 4.1 Structure of the Concentrator. 
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B. BOOT PROGESS 

The function of the BOOT process is to download the 
CONTROL process’ from any Z-100 into the RAM of the single 
board computer. The logical flow of the BOOT process is 
shown in Figure 4.2 and the algorithm of the BOOT process is 
in Figure 4.3. When the Concentrator is turned on, the BOOT 
process inside the EPROM of the iSBC 86/12A starts to check 
the status ports of the multi-channel expansion boards in a 
round robin fashion to check if a Z-100 is turned on or not. 
Since the CONSOLE of Z-100 is assigned to the TTY port, the 
Z-100 will send a message terminating with 'A>' to the dedi- 
cated port of the expansion board when it is turned on. The 
BOOT process will send a command ‘TYPE A:CONTROL.CMD' to. 
down-load the CONTROL process when it reads in the ‘A>’. 
Then, the Z-100 will send the CONTROL.CMD file to the 
Concentrator while the BOOT process reads in the file and 
Stores it in the RAM. Because the TYPE function of the CP/M 
operating system stops printing the file when it meets a 
Control-Z-.character, we have taken another character, the 
percentage '%', to signal the end of file. 

On the completion of downloading the CONTROL.CMD file, 
the CONTROL process is executed. The CONTROL process issues 
the reset command ‘STAT CON:=CRT:', which changes’ the 
CONSOLE device from TTY to CRT. Then, ‘'A>' will appear on 
the screen of the Z-100 and the user of the Z-100 can do his 
work. From now, the CONTROL process starts to communicate 
with the printer and the multiple Z-100 microcomputers. The 


program listing of the BOOT process is in APPENDIX A. 


CG: CONTROL ERGGESs 

The function of the CONTROL process is to control the 
printer and multiple Z-100's and to connect’ the printer to 
any one of the multiple Z-100's at a time so that the data 
could be transferred from Z-100 to the printer. The purposes 
of the CONTROL process are: 


1) To allow use of the printer for any connected Z-100. 
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Figure 4.2 BoeiecateY low of BOOT. 


Algorithm of BOOT Program 


kK OK KK * kK KK 


Initialization 
Initialize the USARTs 
Set PORTNO with the first status port 


* KK KK BOOT Part * OK KKK 
Repeat 
Read the status port given by PORTNO 
If the port is Receive-ready 
then read a character from the data port 
If the character is ’>’ 
then go to SSUECOM part 
else store the next status port into PORTNO 


Until the control is sent to the ISSUECOM 


ues ISSUECOM Part baer 
Set the command string with "TYPE A:CONTROL.CMD’ 
Call COMMAND 


aoe TRANSFILE Part mae 
Repeat 

Read a character from the data port 

Store the character into the new code area 
Until the character is °%’ 
Execute the CONTROL program 


*¥*x** Subroutines CON Pep 
Send the command string to the Z-100 


Figure 4.3 Algorithm of BOOT. 
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Figure 4.4 Logical Flow of CONTROL. 
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Algorithm of CONTROL Program 


KKK KK KAKKKK 


Initialization 
Set PORTNO with the first status port 
Call RESET 


* KKK CONTROL Part KA KKX 
Repeat 
Read the status port given by PORTNO 
If the port is receive-ready 
then read a character from the data port 
If the charater is ’>’ 
then call RESET 
else if the character is ’Q’ 
then go to TRANSFER 
else store the next status port into PORTNO 
Until the system control is sent to the TRANSFER 


oa TRANSFER Part al 
Repeat 
Read a character from the data port of Z-100 
Send the character to the printer port 
Call BCHECK on every 128 characters 
Until meet the End-Of-File mark ’* Z’ 
Go to CONTROL 


aae** Subroutine COMMAND  ***** 
Send the command string to the Z-100 


***** Subroutine BCHECK ee 
Check all other status ports once 


For each port which has the boot-up request 
call RESET 


Figure 4.5 Algorithm of CONTROL. 


Byp, 


there is no need for downloading the CONTROL.CMD file. On 

receiving other characters than 'Q'’ or ‘A>’, the CONTROL 

process ignores them and goes to the next port to check. 
Program listing of CONTROL process is in APPENDIX B. 


D. SPOOL PROCESS 
The SPOOL process has three functions. It also has the 
intercept routine for intercepting the List Output function 
of the BIOS. The intercept routine is really a part of the 
List Output functaten of the Bios. The intercept routine 
receives the control from the List Output function and calls 
the SPOOL program, and then returns the control back to the 
List Output function of the BIOS. The mechanism between the 
List Output function and the SPOOL program is explained 
below. 
The SPOOL process has three options, they are: 
l. Send the characters on the screen of a Z-100 directly 
to the printer. 
2. Save the characters on the screen of a Z-100 into a 
disk file. 


3. Print any existing disk file. 


The logical flow of the SPOOL process is shown in Figure 4.6 
and the algorithm of the SPOOL process is in Figure 4.7. 
The user can select any one of the above options by 


typing in the appropriate digit corresponding to the selec- 


tion. Each function is implemented with a pair of modules: 
Set and Path. Function 1 is composed of Setl and Pathl, 
Function 2 is composed of Set2 and Path2, and Function 3 is 


of Set3 and Path3. 
The entry point on the head of the SPOOL program is 
composed of a selection routine which jumps to one of 3 Path 


modules depending on the user's selection number. 
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Logical Flow of SPOOL. 


1. Funetionel 

Function 1 sends’' the character on the screen 
directly to the printer throwgh the Concentrator in Gewese 
mode. When the user selects Function 1, Setl module sets 
the buffer pointer with its own buffer address and the path- 
flag with number one. Then the buffer pointer contains the 
Starting address of the buffer whose size is 128 bytes and 
the path-flag contains number one. On the completion of 
setting the buffer pointer and path-flag, Function 1 comes 
out to the CCP level, printing a message that user should 
press the Ctrl-P key and go ahead. As the user hits, CtrileP 
key, the List Output routine calls the address of entry 
point (DOOOH) of the SPOOL process whenever a character is 
typed in. Since the path-flag is set with number one, Pathl 
is then activated. Pathl reads in the character in the 
register E which is captured by the List Output function, 
and then sends the character to the Concentrator. The 
Function ] returns the control back to the List Output func- 
tion. Function l repeats this process until the uSer hits 
the Ctrl-Z key. When the user hits the Ctrl-Z key, Function 
l comes out to the CCP level. 


Zee run C Eaton 2 

Function 2 is similar to Function 1 except that 
Function 2 saves the charactéreineagaisk file while Fumcuien 
l sends the character to the printer directly. When the 
user selects Function 2, Set2 module sets the buffer pointer 
with the buffer address and the path-flag with number one. 
Set2, also, reads in user-specified file name. If, however, 
user does not specify his/her own file name, default file 
name (TEMPFILE.$$$) is used. On the completion of setting 
the buffer pointer, path-flag, and reading in the file name, 
Function 2 comes out to the CCP level, printing a message 
that the user should press the Ctrl-P key and go ahead. As 
the user hits Ctrl-P key, the List Output routine calls the 
address of entry point, which activates Path2. Path2 reads 
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Algorithm of SPOOL 


OK OK OK OK > kK OK 


Initialization 
The user selects one of the three options 
Go to the corresponding SET module 


Each SET module goes to the coresponding PATH module 


ok KOK PATH 1 4k KKK 
Repeat 
Read a character from the Z-100 
Store the character into the buffer 
Send the character to the printer 
Until it meets the End-Of-File mark ’* Z’ 
Go to the CCP level 


2K KOK OK OK PATH 2 KK ok OK OK 
Call READNAME 
Repeat 


Read a character from the Z-100 
Store the character into the buffer 
Until it meets the End-Of-File mark ’* Z’ 
or the buffer limit 
Make a file 
Write the file 
Close the file 
Go to the CCP level 


kk Ek PATH 3 kkk 
Call READNAME 
Repeat 


Read a record from the file 

Send the record to the printer 
Until it meets the End-Of-File mark ’* Z’ 
Go to the CCP level 


otek SSubroutine Re ADNAMEw: = 
Read a file name from the console 


Figure 4.7 Algorithm of SPOOL. 
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in the character in register E which is captured by the List 
Output function, and then store it in the buffer while the 
buffer pointer is incremented. And then Function 2 returns 
the control back to the List Output function. Path2 repeats 
this process until the user hits the Ctrl-Z _ key. Path2 
stores the Ctrl-Z character on the end of the buffer when it 
meets the Ctrl-Z character. After that, Path2 makes a file 
and write the file with the content of buffer by one 
record(128 bytes) at a time. We use 2 pointers, the write 
pointer and the buffer pointer, during writing the file. 
Buffer pointer points to the address of the last character 
in the buffer while write pointer is set with the starting 
address of the buffer. Whenever a record is written in the 
file, the write pointer is increased by 80H. Write process 
is done when the write pointer becomes greater than’ the 
buffer pointer. Since the buffer size is not large enough 
for a big file, when the buffer pointer exceeds the limit 
Function 2 will issue a message that the buffer is full and 


the user may take an action to reset the pointers. 


So. FUNC Olee 

Function 3 reads a file whose file name is given by 
user and sends the contents of file to the printer through 
the Concentrator. Function 3 reads in one record of the 
file at atime and repeats this until it meets’ the Ctrl-Z 
character. The buffer is the same one of Function 1. Once 
reading one record into the buffer, Function 3. sends the 
content of buffer one byte at a time to the printer thru 
Concentrator. Function 3 does not meed the €tril-P function 
while funetion Yoeand 2 aisiew 1. Program listing of SPOOL 
process is in APPENDIX C. 
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V. CONCLUSIONS 


The primary goal of this thesis was met. The CONTROL 
process was designed for the communication with the multiple 
Z-100 microcomputers and the printer, and this is success- 
fully integrated into the Printer Multiplexing System with 
ene SPOOL Utility progrant The BOOT process was designed 
for downloading the CONTROL process from any one of the 
Z-100's, which eliminated the need for the disk drive, 
console and/or additional EPROM to store the CONTROL 
process. 

This system allows use of the printer for any connected 
Z-100, permits interactive use of the printer to one user 
when nobody else iS waiting to uSe it, and enables’ the 
effective interactive sharing of the printer among multiple 
users by spooling any character on the Screen into a disk 
Pelemetor later batch. printing. 

Future research involving the Printer Multiplexing 
System should develop the 8086 code of the SPOOL utility 
program so that the users could use the SPOOL in the envi- 
ronment of CP/M-86 or MS-DOS. The BOOT and CONTROL 
processes are already written in the 8086 code. 

Additionally, we are expecting that this system could be 
integrated into the Ethernet. Then the CONTROL process 


should be expanded to contain the Ethernet protocol program. 
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APPENDIX A 
USER MANUAL FOR PRINTER SHARING 


A. SYSTEM CONFIGURATION 

The Printer Sharing system consists of one iSBC 86/12A 
Single board computer, three BLC 8538 1/0 expansion boards, 
the multiple 2Z-100 microcomputers, and the printer. The 
detail about the iSBC 86/12A single board computer and the 
BLC 8538 I/O expansion boards can be found in the Chapter 2. 


Bee CTIVATING THES YS LEM 
Turn on the Concentrator before any Z-100 microcomputer 
is turned on. The user should keep this power-up procedure 


because the BOOT program needs to initialize the USART 


' before checking the ports of the I/O expansion boards. At 
this time, the CONSOLE device of the Z-100 is’ normally 
assigned to the teletype port. Otherwise, the user should 


change’ the CONSOLE device of the Z-100 computer to the tele- 
type port manually. And then, the CONTROL.CMD file in drive 
A is down-loaded into the RAM of the single board computer. 
When the CONTROL program begins to execute, it changes the 
CONSOLE device to the standard device CRT. Then, the Z-100 


user can do his own work on the computer. 


C. USING THE SPOOL PROGRAM 

To use the printer, the user should type 'SPOOL' in the 
CCP level. Then there appears a guidance about the three 
options of the SPOOL program on the screen. The user can 
select any one of the three options by typing in the corre- 
sponding number of that option. The three options are 
listed below. 
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i.  Internaiegtave Print 
When the user selects option 1, he can use the 
printer interactively. After the user press the Ctrl-P key, 
everything on the screen is copied to the printer through 
the Concentrator. This option ends when the user press the 
Ctrl-Z key. 


2. Saving on a Disk File 

When the user selects’ option 2, he can save the 
characters on the screen on the disk file. The user is 
asked to type in the file name. If the file name is not 
typed in, the default file mame (TEMPFILE.SS$) is used. 
After the user press the Ctrl-P key, everything on the 
screen is saved in the buffer. If the buffer size exceeds 
the limit, a warning message appears on the screen. In 
PMlameacse Ene user should take an action as directed on the 
screen. This option ends when the user press’7 the Ctrl-Z 


key, writing the buffer into the disk file. 


3. Printing Existing Files 


When the user selects option 3, he can print any 
existing file. The user is asked to type in the file name 
the user wants to print. After a file is printed out, 


another file can be printed continuously if the user wants 


to do. 
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APPENDIX B 
BOOT PROGRAM 


e ate ate =. PNP ME PDE DE DAEREHRERERARE RAM Y Co ale ale =" ale ale ale ate ale ate a's ale als ale ale a's ale ale alo ale ate ale ato alo ate ato ate ale als ate ale alo ale ale ale ale ale ale ale ales a's ale ale ate 
Te $%R GR FR FR FTO TY FY FT% FS FH FB FH FB FY FB FB GR GR FR FB FR CW GR FH FPR FR FR FR FR FV IDV AV FR GR FB FR FB FR FR GQ FV GVW GRU FY #BW GW FR FR HBV GW FR GR FR GR GY IY IR Fe 


a BOOT PROGRAM * 


;BOOT program reads in the status ports of the I/O expansion 
sboards in a round robin fashion. If there is a boot request 
;on the port, the BOOT program down-loads the CONTROL.CMD 
;file from the Z-100 microcomputer. And then, the BOOT 
;prgram sends the control to the CONTROL program. 


cseg 


org 0 


els ale ales als als als atc alc alc ale ale ale ale alasale ala ales ales ale ale ale ale ale alcals ale ales alaoalsatcats 


;Lnitialize the USART and a variable which contains 
;the port number. On the completion of anitializZation, ~ene 


;control goes to the BOOT process. 


mov ai OSE 
out OaOh,al 
mov dh ,0O 


mov diez 


mov al,4eh 


4G 


;Recelves 


smicrocomputers and 


Cal 


mov 
mov 


eal 


mov 
mov 


cal 


mov 


mov 


ter C 


d1,82 
al,3e 


init 


il 


d1,83 
al,Q7 


1 aac: 


portn 
dh,0O 


Caden) 


character from 


the 


h 
h 


h 
h 


0 ,85h 


alte «? eo uteoa 9, ahem 9 ate ato a %, a, eo utes aw *, ate ale ats ate ate ate ate ate ate ale ate ato a’ a? ee whe ate ale ale a 9. Cad 
OR AR FR FL AR AL AN AR IR GN ID AU AN AR AR IY AY IV GU AL EV ID GS ID GR IL IR ON INIT 


any one of the multiple Z-100 
n downloads the CONTROL.CMD file to 


;the memory of iSBC 86/12A. On the completion of loading the 


ee. 


boot: 


NexseEPorc : 


mov 
in 
and 
jz 
dec 
nol 
inc 
cmp 


jnz 


jmp 


add 


cmp 


it transfers the control 


dit portn 
al,dx 
a 1@2 
nextport 
dx 
a livealse: 
dx 
aly, = 


t 


Nes eoo LL 


1ssuecom 


d1,4 
d1,0A0h 


to the CONTROL program. 


o s;load DL reg with port number 
sread the status of the port 
receive ready? 

‘ifmiotego te next port 

sget the data port 

;read in the character from Z-100 
;get the status port 

scompare the character with ‘'>' 
sthis Z-100 is not booted up, 

3580 to nextport 

JLOmGon LosUmCOMueprocess 


;get the next status port 


;check if out of range 
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jbe bypassl ;if inside the range, come along 
;the normal path 

mov ald. te} Sie ;if out of range,set DL reg with 
sthe lst status port 


bypassl: mov portno,dl ;store addr of next status port 
;in the variable. 


jmp boot ;repeat checking the status ports 


e ale a’, OOP OP O'S HS S&P DD fo ale ates ale a! POP OPW WB WE OAD OWE OE WADA HOWE WA WADE BOWS HAD PD foo ale alc ate ale ale alasaltes ale ale ale alec ale ale alcatcals alecate ale ale a! enene 
FU FRX FR FV IQ FR FTV FR FR FR FR FR FR FB FR FR FR Fe Fe GR FRC IVC FR FR FR FH GR FR GRC GR HRY GR GR GRC FR FR FR FR FR FR FH FH FH FRX FR FR FR GR FY FY FY FY GY F% FY F% F% FR FX 


et ISSUE COMMAND PART * 


e mate ale ate ale ale ale ale ale ales ate ale ale ale ale ale ale ale ale ales ale ale ale ale ales ales ale ale alcatec als aleals alsalcales ales ale als ale ale ale ale aleate ale ale aleate ale ale ale als alsa’ 92 ale ale ates a's ales 
GV FRC FR FR FR FR FR FR FR FR FR FR FR GW FR FR FR GUC FX FH FX FRX FR FX FH GR FR THR FR GR GR FR FR FR FR FRX FR GX 


-Issue the command "TYPE A:CONTROL.CMD" to the Z-100 


issuecom: mov si,0 *-set counter with 0 
mov bx,offset storage ;set base reg with addr 


;of command string 


call command ;send the TYPE command 
= 2 ee & Yo Po ale ale ale ales ale ales ale ate ale alcaltcals ale ale ale ale ale ale ale ale ale als ale ale ale ale ale ale ale ale ale ale ale aleals alsalac ales ale ale ale alealeate alaalsals als ate ale ale ales aleate ales 
SFR AV FV GV FV FW GV GV GV GV GUC GU EU GV GR FR FR GVW FR GV PR GU GV GV FV FV FC GV FV GV FR GW GU GU FU GV GR EW GV FR GR EV FR GV GY GV GV GY GW GY GY FR GX GY FX GX GX GX GR 


re TRANSfer control.cmd FILE * 
;Download the control.cmd file from Z-100 to the memory of 
;iSBC 86/12A. On the completion of downloading the CONTROL 
;file, the TRANSFILE sends the control to CONTROL program. 


transfile:mov bx,offset newcode ;set base reg with addr 


;of newcode area 


mov si,0 ;set counter with O 
nextchasz 7am al,dx ;read in status port 
and a Pee ;receive ready? 
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a) 4 nextchar ;1f moet , readeagaim 


dec dx ;get data port 

in alvdx sreacwa Char rrom™zZ-=200 

cmp ale hh ;compare with temporary Ctrl-Z 

az bypass2 ;if not,come along normal path 

inc al ;srecover Ctrl-Z to l1AH 
bypass2: mov (bx+si),al;store char in new code area 

cmp al ey" ;compare with end of file 

dig adjust ;g0 to adjust 

mee! Si sincrease counter 

a aKa! dx ;get status port 

jmp nextchar 


J : oats al 
od 
Ft FU FR FY FX FR FRC FR FRY FY FY GFR FB FV FY Fe Fe Fe TY FY FY FY FY GY FY FR FY FY CV FY FY FY FV FB FV FV FY FV Fe Fe FTV FV FV Fe FY FY FY FV FY IY IY FY FY FRY FY FY FX FY FX 


ales ate ale ate als als aleatsa's ats 


;Reads in the prompt character ‘A>' from Z-100, and then 
;goes to the CONTROL program. 


Aeguas t : shake alke ;get the status port 
mov el ,4 ;set the counter 
Statanl: dun al,dx ;check if receive ready 
and al ,02 
EZ. Stat lie 
dec ax ;get the data port 
in al,dx ‘read a char from Z-100 
inves dx ;sget the status port 
dec cl ;decrease the counter 
ews statinl ;1f not done, read again 


jmp newcode + 132h ;3;execute the CONTROL process 
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he ate ate ate alc als ate ats ates ate ale ale ate ates ale ateoatc ales ate ale ate aleates ate 


wl ate ates ale ate ale ale ate ate ate ale ate ate ale ale ale ale ale ate ale als ale ate ale ale ale ale ate ale ale ale ale ate ate ate ate ale ate ate aloate ale ale ale ale ale ale ale ale ale ale als ale ate ale alo ate atoats 
OR FR PR FRX FR FY FR GR FY FR FR FR FR FY FX FR FY GTR GR FY FR FR FR FRX GR FY FX FY HB FX FX FYX FY F% FH GR FY GR FR GR CV PR FRY FB FR GFR FX FRX FY #% FR FR GR FR FR FX FX CY FX 


‘Initialize the USART. 


init: Gut dx,al ;swrite programming code to USART 
add d1,4 sget the next port 
cmp d1,Q0A0Oh ;check if out of range 
jbe init ;1f£ not,write to the next port 


ret 


Se WET FHA DEAR OH %. oe ale ale ates ate als ates ales ate ate ata ats aloa B&W WB 0S WS WS O'S D'S HSA O'S ala atone atsatsalsatls aleateatsats atone atontsctsntoatoates als aleataataataatsnto 
© GN OS OR AS OS ON AN OR AR BR FR OR ON ON BR BN OR IR ON FR FR AN REN BS PR IR GR RR ER BS ON FR FR ER BS ON EN OS OS ON FR OS GR ON ON ON OR ON AR OR BR GN AR ON ON BRAN 


ae subroutine COMMAND * 


e ate alo «! POE OE OE WE OE OS O'S WS ADHD SH %. ewes ate a?, FO WB WE OE O&O OB WB WE WBE WE WE & BWW WB WBNS WALA HA DAS % eats ato als ate ats als ate ate ate ates ate ate af, ea 2 @ 2 &e 
OC PR FY GX FV FRX FR FR Te FY FB FRX FU CV FH% FB Fe C% FR FR FY FY FRX $Y GR GTB FY GY S% FX FT% Fe FH FB % FX FR CR So GTR FY FY FY FY FY FY GY FR F&O FX FY CR FB PR EH SCX SCR FX FY 


command: in al,dx ;check if transmit ready 
and al,Ol 
dz command 
mov al,(bx+si) ;move a char from command string 
dec dx ;get data port of Z-100 
out dx,al ;send char to Z-100 
inc dx ;get status port 
cmp al,Odh ;compare char with end of string 


az, eocom ;1f£ matches,end of command 


Stabin: in al,dx ;check if receive ready 
and aul. 40:2 
az statin 
dec dx sget data port of Z-100 
in al,dx ;read a response from Z-100 
inc dx ;Bet status port 


inc S1 ;increase counter 
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;send another char 


command 


Jmp 


check if receive ready 


3 


eocom 


eocom 


e 
3 


get data port of Z-100 


read a response from Z-100 


3 


get status port 


e 
3 


So 


ee ato a! 


FU FB FX FR GR FR GR FR FH FR GR FY & 


re 


ale 
on“ 


AREA 


CODE 


eo ale ale ale ale a! 
ae Fede aed 


NEW 


*' 


Fe ee Fe G% Fe % To G% F 


re 


- ale a. at. at. ate ale at. ale ale ale 


» 


Se 


newcode: 


ae Fee ¢e F% 


re 


eats atcale alcatec ale ate ale ale alecales ale ale ale ale ale ale ale 
DX #%e FR FR FR FB FR GY Ge GR FB 


\ 
» 


ee! 
aud 


ae de de F% F% FB 


DATA 


? 
. 


+, ats ~ 
wwe 


re 


¢., 
» 


alo 
ee 


STORAGE AREA 


ale alco atc ats atoatoate aleoate 
F% FRB FR FR FR GY FY FBX FB 


per ars arly 


dseg 


300h 


org 


bEype as control, cmd 
Odh 


db 


storage 


db 


db 


portno 


end 
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APPENDIX C 
CONTROL PROCESS 


e ale ate ate ae ate ate ate ate ate ale ate ale ~~ ate ate se ate ate a's ate ate ate ate ae ate ate ae ate ate ate ate ate ate ate ate a's ate ale ate ale ate a! fo ate ale ate a! *, ene ate af O&O & S&S GE D&S ® Vo ale ale ale ate 
CC FR PRC FR FR PR GC FL GR GR FRC FR FR PR FR GR GR FR GR GR GR GR GR GR FR FV GR GR GR GR GR FR FY FR GY GYR FR GX FY FY G% Pts Ca) “ FRX PR FR GFR FR GR PL SU SY FR GY GY G% FY FR 

2 ate ale 
wv Ca 

e ale pa 
ve Pa 

e ate alo 
Ca ee 
on ~'- 
oe 22S 2 G'S eS ¢ o ste she ste she ste ale Sle cle slo le slo ie tle Se clo le cle cle ecto cle de veve te decide cle ce ale ale ates ate ate ate «' ate ate ate ate ate ale ale ate ale ale ate ale ats ate ale ato 
SFR FU FU FR FR CU FR FR PR FR FC FR FV FR FU FC FDC FR FR FU EC FR FR FR FU FR FR FR FU FR FR FC FR FR EW FW FV FC GRY SUV FU FV SY SUV FRY FY FU FUL ER GV FW CY GY GY GY FY O% SR GB 


;CONTROL program communicates with the printer and multiple 
;2-100 microcomputers. The CONTROL program resides in either 


‘the control state and transfer state. 


cseg 
prtdata equ 80h 
Patstat equ 81h 


org 0 


Ge INITIALIZATION a 


mov portno+20eh,85h ;set the port # to 85h 
mov dh ,0 *-set DH to O 
call reset ;let the Z-100 CONSOLE gain 


-COneEol 
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control: mov dl,portnot+20eh ;load DL reg with lst port 
in al,dx ;sread the status port 
and al ,02 ;check if any request is out 
iz nextport ;if no, go to the next port 
dec dx 
in al,dx ;read the data port 
inc dx 
cmp alae Q* sverify the request 
iz transfer ;enter transfer state 
cmp al “> 
jnz nextport 


call reset sissue a reset command 


nextport: add d1,4 sget the next port 
cmp d1l,0a0h ;check if out of range 
jbe bypassl ;if not,come along normal path 
mov d1,85h 


bypassl: mov portno+20eh,dl ;store the increased port # 


jmp Gontro l 


ee nt atin Ps mtr mln ater mle ates als ater alr ate ater ats ater ate ates ale ats ale als ale alc ates ates als ater ale ale ale ates als ale alc atc ale ate ate ale ats ale atin ates ales ales ale ales ale ale ales als als alc alc ale ale ale ale 


U eet acu Ue cU scl etl U0 AO OU 0 Oe LeU AA See O50 eA CLA SAB CURA Ae Sey 
FC GDC FD FV FV TR ER FY ERC EV EC FTV GR FY FV FV GX FR EV GL FV GV FV GR GY GR GV GR GY FR FV FTV FB GY EW FW FY GVW FR FV SD GR GR GY FY FY GR SY GR GY GR Go FB EW EY GD GX FY ED 


transfer: in al,dx 
and al,Ol 
Az transfer 


? 


mov a eae ssend "yes" character to Z-100 


dec dx 


out dx,al 


5) I 


TeEeruUrh. 


Statin: 


Staelin. 


Staeins : 


mov 
ine 
in 
and 
az 
pial 
and 
Nz 
dec 
3148) 
ine 


cmp 


i Z 
out 
aig 9 
and 
ez 
dec 
mov 
out 
dec 
jnz 
call 


jmp 


c1,80h ;set the char counter with 128 
dx 


aleprt stat 


al,Ol 

Sstatinl 

al,dx 

al ,02 

Statin2 

dx 

al,dx ‘read in the data’ of Z=100 

dx sget the status port 

al,19h “compare With Cerl-Z (ean). PAH is 

;temporarily changed because TYPE 

;function stops printing at Certs 

eotrans ;if so, go to end of transfer 


prtdata,al;send the data to the printer 


al,dx 

ada 

statin3 

dx 

ale Ay. ;send an ‘Acknowledge' 

dx,al 

rood E ;decrease the char counter 

tebe 

bcheck ;check all other ports to know if 
;there is any boot-up request 


return 


a2 


;End of Transfer sends the ending signal to the Z-100 and 
5a Carriage return and a line feed character to the printer. 
eotrams: in Palle bc ;check if Z-100 is transmit ready 
and al,Ol 
EZ eotrans 
mov aul digs ;load AL reg with ending signal 
dec dx ;get data port 
out dx,al ;send ending signal to Z-100 


statin4: in al,prtstat;check if printer is ready 
and al,Ol 
jz Statins 
mov al,Odh ;send a carriage return to printer 


out prtdata,al 


Steatand: 2h al,prtstat;check if printer is ready - 
and al,Ol 
V2 statinS 
mov al,Qah ;send a line feed to printer 
out prtdata,al 


jmp control 


{3 subroutine RESET ws 
*RESET subroutine issues the command 'STAT CON:=CRT:' to the 
72100. 


reset: mov Si.0 
mov bx,offset storage+20eh 
call command 


ret 


D3 


9s ale atc ale ates atc ats atc ates ate ale 


COMMAND * 


ale ate ale ale ate ates ate alo ateals 


act ce AR 9. als ate af Yactacd U 
FC ID ID FV FD FR FV IW GW GV IW FR GV FR FR GV GV GV FV GR IW IW FR GW GV FV SY FR FV GV FH FR FW GU GFR GV GV GW GW FR GR GW FR GW IU GY GH GD TX TX GY 


;Sends the command string to the Z-100 


command: 


Steat ino ° 


eocom. 


in 
and 
Az 
mov 
dec 
out 
inc 
cmp 
iW 
rEg 
and 
az 
dec 
1th 9 
inc 
inc 


jJmp 


and 
ez 
dec 
in 
Ine 


ret 


a wax 
al,Ol 


command 


al, (pxesi1) 


dx 
dx,al 
dx 
al,Odh 


eocom 


al ,dx 
roi nO 
statin6 
dx 
al,dx 
dx 

Sl 


command 


ailedsx 
al,02 
eocom 
dx 
al,dx 
dx 


;check if transmit ready 


smove a char from command string 
sget data port of Z-100 

;send char to Z-100 

;get status port 

;compart char with end of string 


;if matches,end of command 


;check if receive ready 


;sget data port of Z-100 
;read a response from Z-100 
1 Cla Stars apo Le 

sinmcrease counter 


;send another char 


;check if receive ready 


pe tmdatduamod © Ole Zee OD 
;read a response from Z-100 


;gZet status port 
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e ale ale ale ale alc alc ales ate ale als atoals aleateateatcals al ae ale Ve ae mle ate ale ales ale ale ale ale ale ale a Fo ale eles alee ale ole ales ale ale alec ale ale ale alec alc ale ale alcatec alec ale ale a Wn ate ale le ale ale 
FC FC FV FY FY FY FY FY JY FH FD FR FB FR FR THR GL FY FR FY FB Fe Fe FB ge ge 


PD FR FR FR FD FB FB FB FB FH FR FR FH FB FB FB FB FY FB FR FY F% JB Ge Ge FR FB FY G&L FR FX FB 


subroutine BOOTCHECK * 


Fe Fe Fe #% FR IB FY FY IB JB FY FR F% FT% JY FR FY FY FR FR FY Ge F% FB 


;Checks all the 


other 


OS OE WB WE OE WE WE WE OE OBE OE OE OOS OE OE OE HE EWS O'S O'S Oa O'S OO OO 
@ Pe ge d& FO FBO FD FBX FB 


GL FR FR FTL FTV GB JB Fa JB FB JB FB Ja FB GB Fo FB GH FR GH GB Fr GB 


Status ports to know if there is a 


;boot-up request from the Z-100. For each port which has 


;a boot-up request,issues a reset command. 


bcheck: 


ncheck: 


bypass3: 


Nextportl: 


eocheck: 


inc 
mov 


mov 


cmp 
pruz 
add 


cmp 
ja 
in 
and 
ae 
dec 
in 
lve 
cmp 
jnz 
call 
add 
jmp 
mov 
dec 


mov 


ret 


dx 
ch,dl 
Gul Gren 


15 Callgl 
bypass3 
d1,4 


d1,Qa0h 


eocheck 


ulna x 
aulei0)2 
nextportl 
dx 

al,dx 

dx 


al, 


t t 


> 


nextportl 


reset 


d1,4 


ncheck 


ail. ch 
dx;port 
elso0h 


sget the current status port 
;store it in CH register 


;starts from the first port 


;check if the port is itself 


;check if out of range 


;if yes,end of checking 


;read the status port 
;check if any request is out 


wer nommco to the next port 


“read the data port 


;let Z-100 console gain control 


;get the next port 


;check if out of range 


;recover the current status 


;reset the char counter 
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DATA STORAGE AREA 


Ne 


dseg 


org 100 


db 


portno 


db Pstat “con]e=emit. 
db Odh 


db 
db 


storage 


say 


lah 


end 
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APPENDIX D 
SPOOL PROCESS 


fue Fe Fe Fe FRX FX Fe FR TX GR Fe Fe GR FY FR FRX Fe Fe F&O FU FR FR FR FR FR FR FR FR FR GR FR GR FR GR GR FR TR Go GB FR FRX Go FR FY FR FR FR FRX FB GR GR GB FB GR FR FR FR FY’ FE 
oot we 
aad SPOOL PROGRAM ws 
% ¢ 
"es =e 
e ee 
9 ¢ 
ee « 
x Dec 1985 B Choi and Lee * 
5 * 


® ° ¢ Saute ale ate cata af, ee ae a a ee a ¢ 
72 
PGR FR FR FR ER GR FR FR FR IR FR FR FR FR FR FR FR FR FR ER FR GR ER GR ER IR FR GR GR ON FR ER ER ER OR GR GR IR GR GR ER GN FR GR OR CR OD OD ON 7. GV GD PR FY GR FD ER FR FR 


;SPOOL program has three options:print interactively, Save 
sthe char into a disk file, and print any existing file. It 
;also contains the intercept routine for intercepting the 


;char in the E register in the Ctrl-P mode. 


e ate ate ate ate ale ate ate ats ate ate ate ate ate ate ate a*e ate ate ats ate ate ate ale a! eatants ale ate ate ate a! oat mt ates ate ate ate alo ate ate ata a! 0 wlan alta ala ate aloaloats ale alfeats als catascaiacdtsalon ° POF 
Fe Fe Fe Fe GR Fe FR FD FB FY ED FY FY FY GR FR FY GR Fe FY EY Fe GR FR GR Fe FR FR FY Fe FU FR FR GB FY GB FX FR FRX F >’ % F% FR GR FR FR FR FR FR FR PR GR FX FX F% GH FRX IX 
3s DECLARAT ION PART ¥ 
re 
ale ate afoates ate ateates ato ate ate alo ate ata ata ate ato ate ate ate ate ate ats ate ale ate ate ate ate als ats a's atlanta ate aleats ate ale ale ate ate ale a’, 2&2 OAD V oe af Ce ee ed Y V eats alle ata ate ats ate ats ate ate 
e Gu as ot ot O6 OC FN Ot OS Oe Ot oO ee ee SU Se ON SO ES Ob oe Oy GO Ot Ob TD Co Fe ee SO Fe Ee ED GD SO PO SO Be ob EN Te Ge CD Se OL FE SR ce OU OS Ob SS oe GR Oe BO OD Ob aR 


conin equ IL ;console input char 
Draat £ equ 9 | Digests oS Gases 
readconf equ 10 ;read console buffer 
openf equ 15 ;open file 

closef equ 16 ;close file 

readf equ 20 sread file 

writef equ 2a). ;write file 

makef equ Ze smake file 


setdmaf equ 26 ;set DMA address 


Sa 


eof equ lah ;end of file character 


tly SEaE equ Oe9h | Lieeestatus Dore 

ttEydata equ Oe8h “TTY “dawa Bore 

boot equ 0000h swarm boot entry 

bdos . equ 0005h ;bdos entry 

£ce equ OO05ch ;default file control block 
dbuff equ O080h ;default DMA address 

wrptr equ 607ch ;write buffer pointer 


pointer equ 607eh ;temporary DMA buffer pointer 


s 

tdma equ 6080h ;temporary DMA buffer address 
e ae ale ate ate ate ate ate ate ale ate ate ale ate ate ate ate ate ate ato ae ate alo ate a's ate a? oe alo m %, ate ato ate ate ate ate ate ale ate ae alo alo ae a's ate ale ate ate ate a*e ate ale ate ale ate ate ate =’, eo ates an! V - a’e 

ou Ge F% Ge G% F% F% F% eu ¢% G% F% >» Fe g% ~~ » » ger >» oe ¢e eu G% Ge G& Fe ge FB FR FR FV FIR FR F% FB >» #% 
3 

- INITIALIZATION a: 
3 

ate ate alto ate ate ato ate ate ate ate ate ate ale ate ate ate ate ate ate af onto n $, ate ate a’. Le mie *. ate alo ato ate ato ae alo ato ate ate ate ate ate ate ate ae ate ate ate ate ate ale ale ate alo ale ale ate ale ate ate alo 
eo Gh Ot OY EN eu F% Fe & > 7% su Fe G% FX Fe FX F% EX cal er e GU FU FR FD FR FD FD FR FI% ID ID FB FI% FRX FB F% FR F% F% FB » #¢%& #% 
b] 


org QOd000h 


entry: ;entry point of SPOOL process 
lda pathfl sread the user's choice 
Cpa 1 it. Ot omee: 
jz pathl sthen,go to pathl 
ep 2 “ie “OpeELTOn 2 
jz path2 ,then,¢o tor path 
jmp comerror 35jmp to communication error 
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an Oe aU Oe RAR ACY Vals alalata a’, 

WP WEE MEME VE WE DPE BEDE DEW E DEM EWE DE WE DEDEDE WE DWE DERE WE WEDS DEDEDE DEDEDE WERE MER ERERE WERT & SDS 

CFR FR FR FR FR FR FR FR FR FR AR FR FR FR AR BR FR FR FR GR FR FR FR ER ER GN FR FR OR FR ER ER FR EN ER ER AR BR FR FR FR AR ER AR GR FR FR OR GR FR GD GR GR BR IR FL BD FR OD 
% ) 
~~" ~ 

seal module PA THe ‘ti 


[a ee ae a Pn ale ale ale ates als ate at, 9 Ls U 
FR FR FY FY FY GD TY GU TY TY FV FW FY FV FV IR FW FY FY FY FV FV FV FY FV GV FY GV TW GR GV FV 4B FV FY GV FY GY GY FY GY FY GY GV GR GY FV GY FY GY GY GV GV 4% GY GY FY FY GY 


"Catcn a Weharacter™ fromm@E registers and store it in the 


sbuffer, and then send the character to the concentrator 


pate | : pasha! @push bDiwepush d! push h! 
lhld pointer sload HL reg with next buffer ptr 
mov m,e smove input char to the buffer 


call sendchar ;send char to concentrator 


inx h sincrease buffer ptr 

mov a,l ;check if buffer ptr reached end 

ani OREh sof buffer 

Shia leap ;if not,go along the normal path 

Ihab h,tdma -if end of buffer,reset buffer ptr 
leap: shld pointer ;store the increased buffer ptr 

pop h! pop d! pop b!_ pop a! 

ret 


eo ale atlanta ale ale ate ale ala ale ale ale ale ale aleates aleals ate ale ale ale alte aleates ale ales ales ale ale ale ale ale ale ale ale ale ale alte ale ale ale ats ale ale ale ale ale ale ale ale ate ale ale ale ale als ats ale 
Fe Fe Fe Fe FUL Fe FY FY Fo Fe FRB FRX FY FY FY Go FY Ge G% FY FB FY FY FY F% FX FY FRX FH F% FB GR FRX 4% FY Ge Ge FR FB GO FY GB TVX Ge GB FB FB Fe FO Fe FE GE FB FB GH FB FH FH FB 


size module PATH 2 * 


ale ole ats ale alc ates ale ale ale ale ala alec ate ate ale alte ats ala alec ale ale ale ale ale als ats alealtes ale ale ale ale ale ale ale als ate ale als aloats 
GDC FU Fe FY FY GO FO FL FY FY FD FY GO FY Fe GR FBX GRC FUL FY FR FY FY FB FB FB 4% FR FR FO FR GB 4B CH GB FR FB FY GB GO FR GB FB FB FH FRX FX FB FB FR FB CH FB FY FR 4% FH FY FB 


;Catch a character from E register and store it into the 
sbuffer. When the end of file(Ctrl-Z) character is met, make 


;a file and write the buffer into the file 


path2: push a push b! push d! push h! 
lhld pointer ;load HL reg with next buffer ptr 
mov m,e smove input char to the buffer 
mov a,e 
Epi. a ;compare with end of file mark 


a2 Save ;if it matches,write the buffer 


Se, 


Cpa = 
jnz mark 


lda warn 


cpl 1 
BZ, warning 
mark: inx h sincrease buffer pointer 


mov a,h 
cpi OcOh 
ya markl 
mv1 a,l 


Sta warnfl 


markl1: shld pointer ;store increased buffer pointer 
pop. h! @ipep d! Bponss.) (porec: 


ret 


ale ate ate ates als a's ate AR ae RSA ARR ARREARS CARR SSAA AR Ac fs wt, fo ale ate ale alsals af 
JS TR TL Gv TV UN TO GD TO TO TC GD FD GL BD BD TY TO TD GL GD TC GY TO GL GC GL GD GL GD GL GD GL GD GD GO ODED GD GY GL GD GD GD GD OD GS GD GD GD ED GOED GS GN OD OS OD OW 


ss module PATH 3 * 
;Read the file whose file name is given by the user into the 


sbuffer by one record(128 bytes) at a time. And then send 


sthe characters of the buffer to the concentrator. 


path3: call open ;open the file 
a d,nofile 
iLjghe a ‘if at faails to m@pen the file 
CZ finis ;go to finish with error message 
copy: call read ;read a record from file into buff 
ora a ;if it meets end_of file char 
age eotranf ;go to end of transfer file 


call filesend ;send record to printer thru concen 
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jmp copy 


eotmanét:.lxi d,normal ;load the address of normal message 
finis: call trnsrdy ;check if transmit ready 

mvi a,eof ;load Acc with end of file char 

out ttydata  ;send it to concen 

Call revrdy ;check if receive ready 

in ttydata ;read a response from concen 

mv c,printf ;print the normal message 

call bdos 


call morefile ;handle a request of another print 


jmp boot ;come out to CCP level 


9 $. a eR R RACAL AR AR BAA aed 
> 
FR FL FC FR FRC FR FR FUL FUL FC FC GC FC FV FC FC GV FW FC FV FV FC FY FC FC FV FV GV FV FV GVW FW FV FV FR FV FV FW FV FR FV FV FR FR FV FW FR FUL GVW GL GL GR GR EW GRY FR FY FY FR 


~ 


;Send a character of the buffer to the concentrator 


sendchar: 


call trnsrdy ;check if transmit ready 


mov a,e ;move char from E to Acc 
epi non scompare with ' ' of Ctrl-Z 
iz eosend ;if yes,then go to end of send 


out tiydata _;l1f8noteGtrl-Z,send the, char 


eal] trevedy ;check if receive ready 
Tn ttydata ;receive an acknowledgement char 
ret 
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ales ate ale ate atc ale aleate ales ale ale aloate ate ale ales ale ale ale ale ates altoates ate ateates ale ateateateats ale ate ate ale aleatoatoate ale ate ate ate ate ateats ate ate ateateate ate ate ale ates ateatoates atc 
OU’ FC FL FR FC PY FY CD FY FY GD GV GTR GOD GTR GFR FBO FBX TR FR 


Save: call diskcopy 


call eocopy 


e ate ato af en's G2 G2 9, ale ate ate ate atc ale ate ale ale ate a $. Cd a! eue2n ener $, Cd ate a! eo ate ate ate ate ates ateatec ale ale als ate ate als ats ate ales ates ale ales als ats als ate ates als ateate ateates ale ate ate ate ale 
SS OR FC SR OD GD FR GD AD FR ID GD GL GD FR FV GD GL BV GD TU GV GV GD GL GD FR GV FV GR FV OW GW FV GL GD GD GR AY GR GV GY GV GV GV GV BU GR GY GD GD GL GY GD IN GD BY Fd 4B 


a subroutine DISKCOPY 


ate ate ate ate ate ate =" a! Oe OS OS OS OS OS OS OS G2 G'S G2 G'S ES D'S &' £. - ate alte ate ate ale ate ales ate ate ~2 ale ate ale ale ale alo ate ale ate ale ale ate ale ates alte ats ats ae ate ate ates ale ale ale ats ale 
CGR ER AR OR OR AD OR IN GR AN FR AR FR AR FR OR FR FR OD FR ON FR OR BR OR BR BR GR AD OR FR GD GR FR FR GD AR GL FD BD OR GR OD BV GR OD GD GV EV BW OV OV GD GD BB GY BY 4D ON 


3 


;Write the content of the buffer onto the disk file 


diskeopy: Ihlid pointer 
mv 1 a,eof 
mov m,a 


call make smake a file 


dmachg: call setdma ;set DMA address 
call write ;write the DMA buffer onto the file 


;imcrease the write pointer by 80h and restore it 
lhid wrptr ; load HL reg with write ptr 
mov areuil smove the lower addr of write ptr 
aci 80h sadd 80h to if with caary 
mov lia ;load L with increased lower addr 
jie leapl ;if no carry,jmp to leapl 
mov a,h sit Garry 1S owe 
adi 1 ;add 1 to upper addr of write ptr 


mov h,a ;load H with increased upper addr 


leapl: shld wrptr ;srestore the increased write ptr 
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;Compare the write pointer with the buffer pointer 
lhld pointer ;load HL reg with buffer ptr 


xchg ;move HL reg to DE reg 
lhld wrptr *load HL reg with write ptr 
mov a,d ;smove upper addr of buffer ptr 
sbb h (suUbistact write “ptr from buffer ptr 
cm eocopy ;if result iS minusS,go to eocopy 
she dmachg ‘if result is plusS,write more 
mov a,e *-move lower addr of buffer ptr 
sbb I. ;subtract write ptr from buffer ptr 
aye dmachg ;if result is plus,write more 
met 
: WES USE TS TS TESS ESE SS ESET SEE STEER EEE ETE RET EER EEREEREREREEEREREREER TER 
coae subroutine FILESEND * 


;-This subroutine sends the characters of the DMA buffer to 
;the concentrator. This subroutine returns the control back 
sto the PATH3 when it meets the Ctrl-Z (end of file char) 
sor the end of buffer. 


filesend: 
mv 1 fal 22¢3: Seberne /burremmcountes 
Llxi d,dbuff 3;set DE register with buffer addr 


nextchar: ldax d ‘load Acc with a char from buffer 
inx d sincrease buffer ptr 
mov oye el ‘move the ehar et A into B 


call trnsrdy j;check if transmit ready 


mov a,b ;get stored char 
ep eof ;compare the char with end of file 
4 eotranf ;if yes,then go to end of transfer 
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out ttydata ;send the char to concen. 


call -prevandy ;check if receive ready 

any ttydata ;receive an ack char from Z-100 
der e ;decrease buffer ptr 

jnz nextchar ;if not zero,get the next char 
ISA 


a subroutine END OF SENDCHAR * 


eosend: call trnsrdy ;check if transmit ready 
mvi a,eof syes,send an end_of file char 


out ttydata 


call revrdy ;check if receive ready 

aera ttydata ;receive an ack char from concen. 

jmp boot ;come out to CCP 
5 WH NNR EK subroutine END OF COPY Dore TEE Te Ue ae te Ve Tee Te eS 
eocopy: call close 

mvi @, Driver 

iL same d,eosave 

call bdos 


jmp boot 


64 


WE TE IE TEE ESS OE Subroutine WARNING WOW LETS TS TE TE TSE STE EEO STS 
warning: mvi agd 
sta OecOdh 


mv Cc, printé 


e 
b) 


lent d,warnmsg 
Catt Dados 

call diskcopy 
call eocopy 


Lee 


5 ale ale ale ale ale alec ale alo ale als aloatec alec alo is ale ale ale ale ale aloalec ate ale alec ale ale ale ale ale ale ale ale ale alec alec ale 
Fe Ge FR FO FR FBO GR FB FO FO FX GR FH GE Su routine Fe Fe FB FR FE FDR FR FB FR FB Fo FO FO FE FB FO FB FB SH FB ID FD 


make: mvi c,makef 
Llxi Gust f cb 
call bdos 


Bet 


~ i ale aleoalca'les ae a's ateateac ale ate ateats ale ae ale aleales a's ateates ale 
Fe ge Su routine Fe £E FX FO FX FX GE FR FR FR FB FR FX GB FB SR FE SID JO JB FX FR 


open: mvi c,openf 
lxi aeelcb 
call bdos 


ret 


SES HE HEH EHBFH FADER DWEREREN ERS 


a es  — A le ee ee £, - ae ale ae efe a's ale ale ale ale ale ae ale ales ale ale ate ales ale 
FR GR GL GC GCL GR FC GD FY FC GL GY FY FY Su routine GR FL FL GB GD FR GL FX FB FB FB IR FR GR FO GR JY FB JB FB FR FB 


read: mvi c,readf 
lxi Getic 
call bdos 


ret 
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oe te als ales ales als als ale als ales ale afc alee 


mv i 

lhid 
xchg 
call 


ret 


setdma: 


Emisndy ) in 


ani 


jz 


ret 


subroutine 


c,closef 
d,tfcb 
bdos 


subroutine WRITE 


c,writef 
fal Ras iE(elo, 
bdos 


subroutine SETDMA 


c,setdmaf 


wrptr 


bdos 


subroutine TRANSMIT READY 


ttystat 
Ol 


tiensrdy 


subroutine RECEIVE READY 


ies bat 
02 


revrdy 
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ale ale ale ale ate ale ale ale ates ale ate ale 
Ge Fe Ge FB FR GR FR FB GR FR 


ate ale ale ale ale ale ale ale ale ale ale ale ate ale ale ate ale ate ale ateats ale 
G% FX FR F% FT% FX FX FU FB FR FR FR FRX FRX Fe GX G% FX FRX FX FR 


ale ale alte atonte ate ale ateales ale 
Ge GR Gua FR GR GH FR OR FX OX 


tee lee le we te le wf ee ale Pe whe wo als alo ale 
ee FR Fa FH GR FX GX OR GR FR FX. FRX FR GB 


ales ale als als alo ate ale ale ate als ale als ate als 


gv 


GR Ge FRX FR CU GR ODM GR 


¢, 
. 


nnne 


- 
ray 


rr, as ea) 


fo 
ge 


eo te 
> Fe 


fo ate * 
ra RnARe 


ate ale aleate « 
Ca) 


Ca) 


- 


RRRAAR 


%., 
ge 


RAR RARRRRRRRAARABBA 


ays 


ea #% G% Ge FR 


Ge Ge Tue Ge G% Te Ge Ge G% G% G% G% 


Gu Fe F% 


ate als ale als als ate als ale ale ate als ae ae ate ate fs ate ale ale ale 


9 
ee 


a) 


¢ 
7% G% G% OM GD OX 


INITIALIZATION 


Sane | 


Porte CuUtear rect ly aneGtrl-P mode 


save on a file in Ctrl-P mode 


print the query string 
read the answer of user 
print any existing file 


typing error 


3 
® 
bd 
® 
3 
® 
3 
3 
® 
b 


module 


t 


subroutine 

Cpr saat £ 

d,query 
eall sbdos 

G,eonin 
Gall Jbdos 

ii 

setl 

set2 

? 3 t 

set3 

EYDerror 


mvi 
ee 
mv1 
pa. 
EZ 
cpl 
GZ 
Cpl 
Ez 
ca lal 
ret 


Select an option of three alternatives 


; 
Livaet 


Ne 
beh 


checks if the 


Also 
load HL reg with addr of buffer 
store buffer addr into buffer ptr 
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set pathflag with number l 
check if transmit ready 


® 
b 
b 
e 
3 
® 
3 


h,tdma 
trims rdy 


shld pointer 
pathfl 


Jipigal 
mv1 
sta 
call 


Setsthesbuifer poamter and path-flag. 


Printer is@busy Sreret. 


setl 


e 
b 
* 
$ 


mvi aor ;send a request to concen. 


out ttydata 


mvi GC, UrEn -set Counter With 7 Gt Err als 
Statinl: in ttystat ;read status port 

dcr e ;decrease the counter 

eZ waite -1f Zéro,snouldewaat 

ani 02 

jz statinl 

in ttydata ;receive an ack from concen. 

mv1 c,printf sprint a starting message 

Lxi d,start 

call bdos : 

jmp boot ;come out to CCP 
: a oe Ml dirtier dy drs Bde ie le blr od Cee ba hos rae ror preter hy Pops Om ty ey OES Ey OS CS rn CO CO RS PS OR ES 
cs module SET 2 ¥ 
: ee de oe a er er ied dy <r a de ae ae ae ar ari ar tar eae tae ert er tar iy shi hs oo OS Ci es Care rs is en oo ee RR 
;Set the buffer pointer and write pointer. Also construct 


;the FCB whose file name is given by the usSer. 


Settee Ih col h,tdma ;set the buffer and write ptr with 
Shld pointer sthe buffer address 
shiiweptr 
mvi ral Ud ;set the pathflag with number 2 
sta pathfl 


mvi c,printf ;print the selection message 
sci d,selname ;load DE reg with addr of msg 
ea lke bdigs 


call readname ;read file name given by the user 
mvi c,printf j;print the starting message 
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1lxi d,start 
Ga ties baos 
jmp boot 


mle ale ale ale ale alc ato ale ale atc alc alec alc ate ale alc alc alc atc alc alc alec alec alc atc ate alc ale ate ale alc ale alc ale alc alec ale ale alec alc atc alec atc alec ale atc ale alec alc alc alec alec alec ale ale ale ate ale ale 


SFR FR FR FRC FRC EW FC FR GU FR FR GW FU GR FC FR EW FU FR FR GW GV GW FW FW GW GV GW GW GW GW FV GW GW GVW GW GV GW GW GW FR FW GR FV GW IV FR GW GW GU GW FV GW IW FR EW GW GB GR 
e ale at. 
c moaule 


ale alec ale alte alc alec ate ale alc atc alc als ale alc ate alc ats alc afc alc alc als alc alc alc alo als ale alcatec ale ale alc alc alc alc alc atc alc alo ate ate alec alc atc alc ale alc ale aloalc ale alec ate alc alc aleoaloate 
FFL FU FR FR FY GW FY FW FW GW FW FV GW GW GW FW FW GW FW FU GW FV FV FV FW GW GW EW FBV FV GW FU EW EW GW IW GV GW FB GW FW GW FW FV FV FW GB IB FY SW FR GY GV FR EV EW EV EW FR 


;Construct the FCB whose file name is given by the user, and 


weneck 1f the» printer is busy or*not. 


Seto. mvi c,printf j;print file name message 
ex. d,selname ;load DE reg with addr of message 
call bdos 


call readname j;read the filename typed by user 
sinto FCB 

Call Sternsrdy ;check if transmit ready 

mvi ly OM ;send a request to concen. 


out ttydata 


mvi Cott h ;set counter with # of trials 
Seat bn: rn ttystat ;sread status port 

dox ec ;decrease the counter 

Zz waite it Zero ,;pramter 1S busy 

ani O02 ;check if receive ready 

54 statin2 ;if not ready,read again 

in ttydata ;read response from concen. 

epi ye ;is response '‘'Yes'? 

jnz comerror ;if not,communication error 

jmp path3 Pre SomtOmSencaile of Le 
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et Oe Oe 0 OS O'S B'S O'S BS OS eA G8 OO 


eo ate ale ale ate ale ale ate ale ale aleatec ate ale ate ale ale alec ate ale aleoalec ate alec ate ale ale alec ala ate ate 


morefile: 
mvi ci23 *-set counter with # of char of AFCB 
lise dat ep ;load DE reg with addr of AFCB 
lxi Het feb ;load HL reg with addr of TFCB 


movafcb: ldax d -load Ace with char of AFCB 
mov m,a ;store char of Acc into TFCB 
inx d ;increasd addr of AFCB 
inx h ;increase addr of TFCB 
dcr Cc ;decrease counter 


pow movafcb 3;if not done, move the nest char 


mvi c,printf ;print the message 
Llxi d,moreprt 
call bdos 
mv1 c,conin ;read the answer of user 
call bdos 
cpi 23 6 sif yes,print anotherfile 
ez set3 
cpi "N' ‘if no,come out to CCP 
cnz typerror 3;if any other char, error message 
ret 
5 WWE EE EE EEE TEE ES Subroutine TYPERROR eee ee eae oo coer a one. oe 


[Bays olore ngs eee 
mvi c,printf ;print error message 
lxi d,typerrm 
call bdos 
jmp boot 
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we ee ae ee ee ae 2s ee ee 


Sle) ell Subroutine COMmunication ERROR WHRRARRA RE 


COMETTOr: 
mvi a, Ee see il the concentrator of 
;communication error 
out ttydata 
mv i c,printf ;print error message on the screen 
Isat d,comerrm 
Galil .bdos 
jmp boot 
: edi yn deh rt sighed Subroutine WAILTE Sie eas ieee ei te ces vo ee cece ee care 
waite: 
mvi aianee stell the concen. of communication 
-eLror 
out mi vyaata 
mvi c,printf ;print the wait message 
Ilse d,wait 
call bdos 
jmp boot 
: WUE SUES TSE HEE TEE HE ES Subroutine READNAME WOVE ETE TE PETES HE TS TE ETE TE TS 
readname: 
mvi c,readconf ;read the edited file name 
] al d,filename ;given by user 
call bdos 
Lawak d,filename+l ;load DE addr of char counter 
ldax d weoad Ace the # of Chars 
cpi 0 ;if file name is not typed, 
jz default ;sthen take the default filename 


rat 


readfnr: 


meetdel: 


reqadLe- 


mov 


inx 


Lx1 


mv1 


ldax 
‘ek ojal 
NZ 
call 


mov 
is 
igh 
dcr 
ez 

Get 
jz 

jmp 


ldax 
cpl 
Jz 
Teta 


jmp 


mvi 
1nx 
der 


lx 


eee bee L 


b,8 


d 


t t 
readft 


charconv 


QA (Se Ss 


eoread 
b 
meetdel 


readfnr 


d 


t f 
e 


readft 


smove the # of chars to C reg 
;load DE reg with the address of 


*>name buffer 


;load HL reg with the addr of TFCB 


-set the # of chars of the filename 


smove the filename to TFCB 
;sif it meets the delimiter, 
;sthen read filetype 

sconvert the lower case into 


supper case character 


sno filetype, go to end _of read 
sif # of filename exceeds 8 
;thenj;™go to meet delimiter 


;read the next char of filename 


sread a char from console buffer 
;compare with the delimitter 

;if matches,read file type 
;increase name buffer pointer 


srepeat reading char 


*-set char counter with 3 
sincrease name buffer pointer 
decrease # of chars 

*load HL with addr of file type 
sof File Control Block 
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redagrtr. widax d ;read a char from name buffer 


call charconv ;convert lower case into upper 
mov m,a ;steore char into FEB 

der ‘el ;decrease # of chars 

PZ eoread ;1f name buffer exhausted 


;then,go to end of read 


der b ;decrease file type counter 

5 eoread ;if FCB is full,go to eoread 
1p d ;increase name buffer pointer 
inx h ;increase FCB pointer 


jmp ead tT 


eoread: 


ret 


e ate ale ale ate at. a! Piers to. ale = ¢ eo ate ate ate ate ate e ate ate ate ato ate ate ate ale ate at eute ate ate ate ate ate ate ate 
GO FL FL FR FR FR FR GD FV ED FR EV TV FR G% u routine F Ul] I OU GU GW FV GW GW EW GV GW GR FW GW GV GV GW FB 4B GB 
b 


;copy the default FCB into Temporary FCB. 


default: 
mvi G35 ;set the counter with 33 
i lpraat d,dreb ;set Default FCB pointer 
Iprent hetetcb ;set Temporary FCB pointer 
movfcb: Ildax d srea@dma char from DFCB 
MOv m,a ;store it into TFCB 
inx d ;imcrease DFCB pointer 
Tbe h ;imcrease TFCB pointer 
dcr e ;decrease counter 
Bi piizz movfcb ;move another char 
mec 


73 


Bh ale hatin Miceli Hh adlien adie Ycatlinn Haden Madina Yada Neate Macatin Necatinn) 


: oe “e ao ws ss s “ we 5 vs 7 aN Ye Sub mout ine CHARCONVert ? 


9 ? 


sConverts the characters from ‘a' through ‘z 


’ 


into the upper 


;case characters. 


charconv: 


Q v Y 


cpi a 


e t ¥ 


jm nochange 
Cc Zi 


ije nochange 
sul 20h 


nochange: 


ret 


atc wlan wher alee wher alee wher alec wl atin ales ater alec alec alec alc atas alo alec ale ales ale ate als ale ale ale ate ale ales ale ale ale ate ala ale alec ale ale atc ale ale ale alte ale ale alo ale ale ate ale ate ala ala alo ale ale alte alo 
OC FR FR AR FVD FW FR SRW FD FL SD SD FR SBT FW FD FR GR FH GL Te FUL FV FR FR FV FB FV FR FY FB FY FB FY GBD FB FB FH CX SH Go GY GR FX FX FY FX FY FB rig or iy ge ee #% aS ge ¢% oe FB 


aa DATA AREA * 


els alee whee whee whee whee whee ales ale ale alec alec ales alee ales ale als ales alec afer ala ale ale ale ale ala ala ale ale ate ale ale ale ale ale ale ale ale ale ale alec ale ale alec ate ale ale ale alte ale als ale ale ale ala ale ale ates alo 
ea oN GD PD FR F® GB FB SH SB FD SD FD FH CB FY FR FH FB GB CH FY SB CB FB SB FB ST FB SY FB FX FX FH GR FB FB FY FY FX FX GX FH FBX FX is ue ee ue Ge Fe G%X F% FY iy ee ¢% ¢e FB 


pathfl: db 0 
Warn?) dp 0 


d.iebr: db 0 
db TEMP EICE 
db $$$! 
db ©; OR050 
ds 16 
db 0 
ds 5 


Etebe db 0 
db i] v 


db 070,050 
ds 16 
db 0 
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ds 3 


ape p: db 0 
db ; 
db ‘ 
db 05.0500 
ds 16 
db 
ds 3 


filename: 


db 16 
ds 16 
query: db Odh,Oah 
db ‘Welcome to SPOOL utility. ',Odh,Oah,0dh,0Oah 
db ‘Three options are: ',0dh,Oah 
db 'l. Print any characters on console directly' 
db Bre the printer. 
db Odh,0Oah 
db "2. Save any charecters on console in a file.’ 
db Odh,Oah 
db Perint anyeexistine file. ,Odh,Oah 
db OdhweOah ,Odha0ah 
db "Select any one of three options above : $' 
Start 2 eap Odh,Oah 
db "Press the Control p key and go ahead.' 
db Odh,0Oah 
db "On the completion of your work, press the’ 
db | Gontrol Za key 
db SahOan, Ss. 
selname:db Odh,Oah,'File name : $' 
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moreprt 


EYyDerLrm. 


eoprint 
eoSave: 


Walt. 


comerrm. 


nOLlle: 
wrprot: 


normal: 


warnmsg: 


stack: 


db 


db 


db 
db 


:db 


db 


db 
db 


db 
db 


db 


db 


db 


db 
db 
ds 


— Routine of Control-p 


Odh,0Oah, 


(Y/N) 


Odh,0ah 
"Typing 


Odh,0Oah, 
Odh,0Oah, 


Odh,0Oah, 
Odh,0ah, 


Odh, O0ah 


Odh, Oah, 
Odh, Oah, 
Odh, Oah, 
Odh,0ah, 


Odh,Oah, 
Odh, Oah, 
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9, ARG 


s' stesteste 
ey ae 


O0d800h 
0d000h 
a,19h 

Of99chR 


oe ae alee ate ale oP mw on to sto ao aio sie 5's ale wo ale alo ato a 
Ge #% F€% G% FY GR FY ua #% #% 4% F% 


atnntontanlentaatomt, 


Sle sie ste cle sie Se clese lesley Sevesesevlevevevovlovevctesl)evesveveJe Teves Tele le2 
ee ae ee fe ue or et Ge % Gr GR GR GR FB 


‘Do you like to print another file?’ 


S. 


error. Try again.S' ,Odh,@am, $” 


'Printing complete.’ ,Odh,0Oah,'$' 


‘Saving file complete.’ ,Odh,0Oah 


"Printer is busy now. Try again. ' 
oe 


, Protocol error. Try again.’ 


'g 


"No source file.',O0dh,Oah,’'$' 


"Write protected?’ ,Qdh,0Oah,'S$' 


"Spool complete.',0Odh,0Oah,'$' 


"Your file is out of buffer size’ 
"Make your file again’ ,Odh,0Oah,'‘$' 


# ate ate alo ate ate ate ato se s‘s se sie s‘: s‘e s'- ate alo s‘e sve we s‘e Je se s- sy se se 
FY #% GB F% FRX FY FR 4% eu ae 


ate 
ee 


ne ¢ A a ae ee ¢ Fo alo ats ate ate ate alo ate alo 
@% £% O% OH GX FAX F% FX 
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